Foreign animal diseases can cause severe and lasting economic impacts to producers, directly and indirectly. Understanding producer investment cost structures can provide industry and policy makers better tools to encourage biosecurity adoption.
depopulation, cleaning and disinfection and indemnification (Huang, Hagerman, & Bessler, 2016; Johansson, Preston, & Seitzinger, 2016; Thompson & Pendell, 2016) . Globally, many countries are managing transboundary and zoonotic diseases including food and mouth disease, bovine tuberculosis and African swine fever, all of which have possibilities to create lasting market and trade changes (World Organisation for Animal Health (OIE), 2015).
While FADs emerge through many vectors, preventative measures or biosecurity practices, can reduce introductory pathways for pathogens so that producers can better protect and maintain animal health on farms and reduce financial risks associated with disease outbreaks. However, these practices can be costly to implement and/ or maintain depending on the size of the operation and the perceived risk associated with the disease outbreak occurrence and longevity. Feedlots face upstream and downstream risks associated with FADs due to structural variances around animal ownership and uncertainty of disease spread potential. As a vital component of the beef supply chain, often with high concentrations of animals on feed, disruptions in business continuity for a feedlot can be costly and lead to economic and environmental concerns (Gwyther, Williams, Golyshin, Edwards-Jones, & Jones, 2011; Schroeder, Pendell, Sanderson, & Mcreynolds, 2015; Stroade & Schroeder, 2007) .
Beyond the direct benefits of understanding producer biosecurity decisions, there are limited empirical data of farmer behaviour in literature that would provide researcher the ability to parameterize research models (Gramig & Horan, 2011) . Indeed, existing data on producer behaviour is limited in availability and detail. This knowledge gap motivates the main objective of this study-to provide empirical data on livestock producer decisions regarding carcass disposal during an FAD outbreak. Specifically, we estimate feedlot operator willingness to implement proactive biosecurity measures through increased on-farm disposal capacity to address potential limited mobility off-farm during an FAD outbreak. Results provide an understanding of the feedlot operators' perception of the potential costs associated with a disease outbreak and its effects on the operation and how heterogeneity of feedlot operations influences willingness to pay (WTP). Beyond the exact empirical estimates provided, our study provides an example for future application in other livestock industries examining alternative aspects of producer biosecurity efforts, cost structures producers face, and how government policies can influence adoption.
| Feedlot biosecurity and carcass disposal
Biosecurity, a set of management practices meant to reduce introduction of disease and minimize spread, can provide reduction in some of the negative aspects of a disease outbreak such as introduction, longevity, and transmission of a disease (Wang & Hennessy, 2015) . Adoption of biosecurity practices can be in a producer's or feedlot operator's self-interest when the perceived operational cost of a disease outbreak is greater than the cost to implement the protective measure. However, the feedlot operator must also weigh the likelihood of an FAD outbreak occurring and any potential negative economic impacts to the cost of adoption while also considering any expectations of financial assistance, through government payments, if a disease event does occur (Fraser, 2016; Hennessy & Wolf, 2018) .
The perceived likelihood of an FAD, incentive structure, and the willingness to adopt biosecurity practices may differ by the size of the operation and managerial practices among other factors, which can create heterogeneity in adoption (Ceddia, Heikkilä, & Peltola, 2008; OECD, 2017) . It is known that coordinated disease control measures can mitigate some of the negative effects of a disease outbreak (Rich & Winter-Nelson, 2007) , but the coordination must often be imposed by government health officials in the name of animal health and food safety to address any incentive problems (Hennessy & Wolf, 2018) .
During an FAD outbreak, there is typically a swift response by animal health agencies to reduce potential spread of the disease (Jin, McCarl, & Elbakidze, 2009 ). This includes quarantine of affected premises and infected animals, movement restrictions in surrounding premises, and increased testing and surveillance (Brandt, Sanderson, DeGroot, Thomson, & Hollis, 2008) . To minimize disruptions to business continuity, proactive risk assessments can be created to assist in understanding disease spread potential and to pre-plan for a disease outbreak (Moore & Allen, 2013; Slenning & Tickel, 2008; Thompson & Pendell, 2016) . These plans suggest protocols and practices that should be followed to minimize spread of the FAD while also allowing for some continued level of business including movement to and from monitored premises. Regardless of the plans and policies in place to minimize disease introduction and spread, the cost of an FAD can be pronounced and can create a significant burden on firms and consumers (Pendell, Marsh, Coble, & Lusk, 2015) .
In addition, FAD outbreaks can create concerns for mortality disposal for livestock producers. Carcass disposal following a catastrophic animal mortality event is subject to approval by county, state and federal regulations due to high volumes. Carcasses must be disposed of in a way that minimizes any environmental contamination and kills off any remaining pathogens. Emergency burials can contaminate soil and water sources if burial sites are not intentionally planned to minimize these risks (Bonhotal & Schwarz, 2009; Glanville, Ahn, Richard, Shiers, & Harmon, 2009; Yuan, Snow, & BarteltHunt, 2013) . Assuming movement restrictions during an FAD outbreak, other methods of disposal include incineration, composting and biodigestion. The latter practices are safe, biosecure activities that minimize environmental externalities and effectively eliminate disease pathogens, but require investment in organic matter or equipment, an expense not often justified by the scale of the operation (Gwyther et al., 2011; OECD, 2017) . The online survey presented respondents with a one and a half bound (OOHB), dichotomous choice question regarding their WTP for increased carcass disposal capacity (Bateman, Day, Dupont, & Georgiou, 2004; Tonsor, Schroeder, & Lusk, 2013) . OOHB modelling refines traditional dichotomous modelling to more precisely identify WTP by following the initial question with a subsequent, conditional question leading to narrower WTP intervals. Alternatively, we could have used a typical, double bound framework, but this would have limited the policy follow-ups which are invaluable and novel to this research.
Responses from the survey are summarized in Table 1 , not limited to the responses used in the estimation. Respondents were first described a scenario in which a severe disease event is expected to occur in the next 10 years which will lead to government and industry-wide calls for immediate changes in feedlot practices to reduce spread and duration of disease such as entirely ceasing use of offsite disposal methods for a period of 2 months. Respondents were told that in advance of this situation they could elect to proactively invest in disposal capacity on their operation that could handle mortality volumes equivalent to the operation's normal death rate, that is, their operation would not be directly affected by the disease, but they would be limited to on-site disposal methods during the 2-month limitation on off-farm disposal methods. Respondents were then presented with the choice question to determine their willingness to invest in disposal capacity: "Given knowledge of this situation and the implications it may present to your operation, if it costs $X in one-time, fixed expenses to establish this capacity on your operation to dispose on-site for at least 2 months would you make this investment within the next 3 years? YES or NO." Each respondent was presented a random fixed cost (X) that was drawn using Qualtrics native algorithm, the Mersenne Twister (Qualtrics, 2015) , ranging from $2,000 to a maximum of $45,000, consistent with onfarm disposal investments. Respondents choosing YES were subsequently asked if they would make the investment if it cost $2X.
Respondents choosing NO were asked subsequent questions regarding whether changes to government policy would change the previous answer. Response summary statistics are presented in Table 2 .
Responses to the dichotomous choice question sequence can be used to create self-selected intervals describing each respondent's WTP. For a YES-YES response, the upper bound would be unrestrained to represent any possible WTP above $2X, a YES-NO response would be constrained to the interval between $X and $2X, and a single NO response has $X as the upper bound and the lower bound is unrestrained.
Combining the true WTP model with the dichotomous questions presented, an estimate of the WTP can be made using the following log-likelihood function (LLF) assuming a standard normal cumulative distribution function (Φ): (Bateman et al., 2004; Tonsor & Wolf, 2010) .
This function allows an estimate of the WTP by including the respondent's interval regressed on explanatory variables and will be calculated using Stata (StataCorp, 2016) .
The respondents answering NO to the first question had two additional follow-up policy questions aimed at understanding the effects potential policies could have to incentivize or encourage increases in biosecurity adoption. The two follow-up questions were presented in a random order. One question focused on cost-share investments by asking the respondent, "Suppose there was a governmental cost-share programme available that would cover Y% of the costs leaving the remaining (1 − Y)% for you to cover. In this case would you proceed to make this investment within the next 3 years? YES or NO." This Y% ranged from 5% to 95% and was
chosen randomly. The other follow-up question focused on a policy that tied indemnity to biosecurity effort by asking: "Suppose the government established a rule that would make indemnity payments to those experiencing financial hardship in times of severe animal disease, would be prioritized first for operations who could provide documented evidence of "best-effort" biosecurity practices being in place. If this policy was in place, would you proceed to make this investment within the next 3 years? YES or NO." As both of these questions were based on the initial investment question, these equations should be estimated with a sample selection model. Van de Ven and Van Praag (1981) first introduced the sample selected probit models that will be used to estimate the model for each (k) of the follow up questions. Each follow-up is estimated individually using Equation (2) as follows: & Van Praag, 1981) . For the selection model, the dependent variable is whether the operator initially responded NO, which is a recoding of the initial modelling framework. This recoding of the decision variable was imperative to facilitate estimation and to ensure the selection was for those not willing to invest in disposal capacity.
| Description of explanatory factors
The following describe the variables summarized in Table 1 
| RESULTS
Results for the biosecurity estimation are presented in Table 3 .
There were 56 usable observations for the initial adoption question and 39 for the follow-up questions. Robust standard errors were used to address heteroscedasticity. The follow-up questions were initially modelled using a systems approach, but there was an insignificant rho coefficient implying independent equations. As such, the results reflect the individual bivariate probit models discussed previously.
| Adoption of disposal capacity results
The estimated mean WTP for on-site disposal capacity is $14,310 On-site was not significant within the model, the type of current practice can influence the burial cost response. Of all responding operators, half were using off-site practices with 41% of all operations using rendering services, slightly lower than the USDA-NAHMS reported disposal practices. In addition, 24% of the respondents were currently using burial as a disposal method. This adoption rate can influence the WTP when the cost of burial increases, considering nearly 50% of the feedlot operators would have to make considerable on-site investments. Burial, as a disposal method, is also a terminal solution with no additional benefits. Composting, which 27% of the respondents reportedly have some capacity for currently, provides a secondary use for the compost once the decomposition process is complete. This potential favorability for composting versus burial could provide an additional explanation for the price response to burial costs.
Feedlot death loss rate significantly affects the producer's willingness to invest in disposal capacity. For each per cent increase in the death loss rate, producers are willing to pay $3,766 less. This is counterintuitive, as you would expect a feedlot with higher rates of loss would be more willing to invest in capacity, but the survey had a lack of qualifications or additional specifying questions for further explanation. One explanation for this relationship is that feedlots with high death loss rates might have established alternative on-site
disposal methods. This would imply that their WTP would indicate additional marginal capacity which could explain a lower WTP for this additional capacity. A second possible explanation is those with higher mortality rates operate with tighter profit margins and may be less interested in making additional investments. Without a follow-up survey, each candidate reasoning is speculative, but a feedlot with a higher death loss rate has increased need for disposal prior to a hypothetical event which may lead to the conclusions drawn.
Consistent with Ceddia et al. (2008) , the size of the feedlot influences the WTP for biosecurity practices. Feedlot operators that responded to having less than 2,000 animals on feed in the previous 12 months were willing to pay $15,002 less than larger feedlots. This difference in the WTP could reflect the ability to pay rather than level of commitment to biosecure practices. A smaller feedlot may have a lower operating budget or the one-time fixed investment to implement may be higher than the perceived benefits. Small captures the variability around the scale of the feedlot and the differences scale of operation has on WTP.
The likelihood of a disease event as perceived by feedlot operators was not a significant factor influencing to the operator's WTP.
There was not a significant difference between the likelihoods, and the group of disease likelihood was jointly tested and did not sig- 
For the respondents choosing NO to the initial question, the followup questions aimed at determining whether various policies could drive adoption. However due to limited sample size, very few inferences can be made regarding the follow-up questions. For both models, the selection models had significant factors in determining the selection process for the initial question. As described above, the dependent variable for the selection model was flipped such that those selecting NO were coded as one and those selecting YES in the initial question were coded as zero. This flip was executed to Notes. Robust standard errors presented in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.
facilitate estimation, where the people "selected" were those opting out in the initial question. As such the effects for the selection models have opposite signs than the model above.
For the cost-share policy proposition, the government share rate was statistically significant (p = 0.016) in increasing the probability of adopting disposal capacity. The government cost share per cent marginally affected the probability by 0.5% in converting a respondent originally unwilling to invest to willingness to invest in increased disposal capacity. This would imply that for a policy which would equally share the cost of the disposal capacity with the feedlot, these operators would increase their likelihood of adopting by 25%.
Beyond the effects of the government share, no other factor included in this model was significant. More observations would be needed to provide a more robust and in depth understanding of the contributing factors.
The follow-up question focused on indemnity payment and how these could be tied to biosecurity practices had no significant factors contributing to conversion of a respondent's adoption decision. This model provides no useful information in determining how to motivate operators into adopting preemptive disposal capacity. Similar to the previous follow-up question, limited observations reduce the explanatory power of these secondary models.
Further survey work could focus on these policy implications to assess the ability for policy to influence the operator's decisionmaking process.
| DISCUSSION
As globalization continues to increase the movement of people and goods worldwide, the potential risk of disease spread will continue to grow which may lead to increased need for increased biosecurity and alternative management plans. The increased occurrence of FADs can cause extensive impacts on animal industries through increased mortality, reduced productivity, disruptions in business or consumer demand changes. The costs associated with a disease outbreak are the direct impacts associated with infection and eradication of a disease and indirect impacts associated with ancillary effects due to changes in industry structure and practices. The response to a FAD is to swiftly control and eradicate the disease, which often leads to movement restrictions to minimize potential disease spread. A producer that is not directly affected, may be limited in animal movement on and off-farm, potentially creating upstream and downstream business disruptions. A feedlot operator's response and willingness to proactively invest in measures to mitigate potential losses depend on many factors. These factors include the number of animals annually on feed, as it indicates the scale of the operation and influences the cash flow and amount able and willing to invest in proactive measures. In this study, the size of an operation significantly influences the WTP for proactive disposal infrastructure, where smaller operation managers were willing to pay less for disposal capacity. In addition, the perceived likelihood of a disease event, the likelihood of negative impacts, and the perceived costs associated with the disease may influence the operator's willingness to invest in proactive measures.
The WTP for proactive disposal capacity to manage carcasses during a disease outbreak in which the feedlot is not directly infected but is affected by the control of movement on and off farms estimated by this analysis provides a baseline that can be used by industry and policy makers. The results indicate size and current death loss rate significantly influence the WTP. Comparing the average WTP to invest in disposal capacity between size of feedlot, the estimated WTP differs by $15,002. This indicates a range of potential investments by operation.
Future work could build upon this analysis to other stages of the livestock supply chain or examine alternative biosecurity practices.
Understanding the WTP to invest in biosecurity can better inform policy makers and industry participants of the perceived value of these practices to inform future outreach efforts or policies. Moreover, the public's role in supporting biosecurity effort by producers is an area worth additional assessment. We hope the example provided by this study is helpful in future research in the increasingly important arena of livestock disease economics.
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